Background: Due to the huge 2-way human traffic between Japan and Chikungunya (CHIK) fever-endemic regions, 89 imported cases of CHIK fever were confirmed in Japan from January 2006 to June 2016. Fifty-four of 89 cases were confirmed virologically and serologically at the National Institute of Infectious Diseases, Japan and we present the demographic profiles of the patients and the phylogenetic features of 14 CHIK virus (CHIKV) isolates. Methods: Patients were diagnosed with CHIK fever by a combination of virus isolation, viral RNA amplification, IgM antibody-, IgG antibody-, and/or neutralizing antibody detection. The whole-genome sequences of the CHIKV isolates were determined by next-generation sequencing.
Introduction
Chikungunya (CHIK) fever is a febrile disease caused by CHIK virus (CHIKV), which is transmitted to humans by Aedes aegypti and Aedes albopictus, members of the Aedes genus mosquitoes. It causes high fever, rash, acute and chronic polyarthralgia. 1 In 2004, CHIK fever reemerged in Kenya and subsequently spread eastward, causing millions of disease cases throughout the Indian Ocean countries, including Mauritius, the Seychelles, Madagascar, Mayotte and La Reunion Island. [2] [3] [4] The outbreak subsequently reached the Indian sub-continent and Asian countries (including Sri Lanka, Singapore, Malaysia, the Maldives, Thailand and other countries). [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] During the epidemic, imported cases from CHIK fever endemic to non-CHIK fever endemic regions were reported worldwide. Furthermore, autochthonous outbreaks, which occurred via imported cases, were detected in Italy and France, to which CHIK fever was not endemic. 15, 16 In December 2013, CHIK infections spread to the Western Hemisphere and first local cases were reported in Saint Martin. 17 The outbreaks subsequently spread throughout the Caribbean Islands and the Americas. [14] [15] [16] 18 Local transmission has been identified in 45 countries and territories in the Western Hemisphere and more than 1.7 million suspected cases have been reported from the regions. Three different genotypes of CHIKV, namely Asian, West African and East/Central/South African (ECSA), have been identified phylogenetically. 4, 19, 20 The Indian Ocean outbreak that began in 2004 apparently originated from the ECSA group. 21 The isolates in the Indian Ocean outbreak formed a monophyletic clade and possessed a characteristic amino acid substitution from alanine to valine at amino acid position 226 of the E1 protein (E1-A226V) that facilitated transmissibility and replication capacity in A. albopictus mosquitoes. 22 The Asian genotype is sub-divided into two well-supported clades, including CHIKV strains that were isolated in the 1950s-1990s and after 2005 (>2005). The latter clade is further divided into two sub-clades; one contains CHIKV strains isolated in Southeast Asia and the other contains strains isolated in the Philippines, the Western and South Pacific, and the current Western Hemisphere. 23 The worldwide epidemic of CHIK fever as well as a heightened awareness of CHIK fever and improvement of the diagnosis system might lead to an increase in the number of imported cases of CHIK fever in Japan. [24] [25] [26] [27] We herein report the epidemiological characteristics of the 54 imported CHIK fever cases that were confirmed at the National Institute of Infectious Diseases (NIID), Japan from January 2006 to June 2016.
Materials and Methods

Clinical samples
Serum or blood samples (total: n = 93) were collected from 54 patients on different days after the onset of illness. Urine samples (total: n = 15) were collected from 11 patients on different days after onset of illness. Serum, blood or urine samples, which had been collected from patients suspected of having CHIKV infection by the health care practitioners at clinics, hospitals and prefectural institutes of health, were sent to the NIID. The samples were then analysed and virological tests were performed (Table 1) . The details of the probe and primer sets were reported previously. 26 Virus isolation was attempted by inoculating diluted serum or blood samples to C6/36 or Vero cells. The isolated viruses were identified as CHIKV by the real-time RT-PCR. For samples collected prior to 2014, IgM antibodies against CHIKV were detected using an in-house ELISA; for those collected from 2014, they were detected using NovaLisa Chikungunya IgM μ-capture ELISA (NovaTec, Dietzenbach, Germany) according to the manufacturer's protocol.
Laboratory tests
Supernatants, which were prepared by centrifuging the culture medium for Vero cells infected with CHIKV SL10571 strain, were used to prepare the antigens for the in-house IgM capture ELISA. Formalin (Wako Pure Chemical Industry, Ltd, Osaka, Japan) was added to the supernatants; the final concentration of formalin was 1:100 (0.37%). The fluids were mixed, inactivated by exposure to 960 mW/cm 2 UV-C overnight and then left for formalin-inactivation at 4°C for 3 months. The patient serum samples (1:100 dilutions) were added to ELISA plates coated with anti-human IgM antibodies (Human IgM Capture Microplate, BioMedical Research Institute Co., Ltd, Chiba, Japan) and incubated for 1 h at room temperature. After washing six times with phosphate-buffered saline (PBS) containing 0.05% Tween-20 (PBST), the CHIKV antigen was added and incubated for 2 h at room temperature or overnight at 4°C. After washing the plates six times with PBST, the CHIKV antigens that had bound to the surface of the ELISA plate were reacted with horseradish peroxidase conjugated monoclonal antibody (mAb, 2A2C-3, IgG2a), which was specific to alphavirus E protein. The monoclonal antibody was kindly provided by Dr Barbara W. Johnson (Centers for Disease Control and Prevention, Ft. Collins, CO, USA). 28, 29 After incubation for 1 h at room temperature, the plates were then washed six times with PBST, 100 μl of 3,3',5,5'-tetramethylbenzidine (Moss. Inc., Pasadena, MD, USA) were added to each well and the mixture was then incubated for 10 min at room temperature. The reaction was stopped by adding 1 N sulphuric acid to the mixture, and then the optical density at 450 nm (OD 450 ) was measured. The ELISA index was calculated using the following formula: OD 450 of the patient serum samples divided by the mean OD 450 of the cut-off control. ELISA index values of <2 were considered negative, while index values of ≥2 were considered positive. 30 All of the ELISAs were performed in duplicate.
For samples collected from 2015, IgG antibodies against CHIKV detection was accepted as a substitute for PRNT. IgG antibody detection was performed with a commercially available kit, Chikungunya virus IgG ELISA (NovaTec) according to the manufacturer's protocol.
Virus titration
The virus titres were determined by a standard plaque assay. The virus solutions were serially diluted 10-fold with Eagle 
The plaque reduction neutralization test (PRNT)
The titres of the neutralizing antibodies in serum samples were determined using a standard plaque-reduction neutralization assay. 31 Heat inactivated serum samples were serially diluted 10-fold with MEM containing 2% fetal calf serum and incubated with an equal volume of virus solution containing 50-100 plaque forming units (pfu) at 37°C for 1 h. After incubation, the mixtures were added to a confluent monolayer of Vero cells in 6-or 12-well plates. The cell monolayers were incubated with the inoculum for 30 min for viral absorption and then overlaid with MEM containing 2% fetal calf serum and 1% methylcellulose. After 2 or 3 days, the cells were fixed and stained as described above. The lowest serum dilution level, at which the plaque counts decreased to less than 50% of the negative control, was determined. The reciprocal of the dilution level was defined as the neutralization titre.
Next-generation sequencing
For whole-genome sequencing of CHIKV, total RNA was extracted from the culture supernatant of Vero cells inoculated with the specimens using a Recover All Total Nucleic Acid Isolation Kit (Ambion, Austin, TX, USA 
Phylogenetic analysis
A multiple sequence alignment of the coding region of the CHIKV genome at amino acid position 77-110,301 was performed using the Clustal W method in MEGA 6.0 software programme. 32 A phylogenetic analysis was carried out based on the nucleotide sequences of the coding region using the maximum likelihood method with 1000 bootstrap replicates in the MEGA 6.0 software programme. The information of each sequence used in the phylogenetic analysis is summarized in Table 2 .
Results
The imported cases of Chikungunya fever in Japan
Fifty-four cases of CHIK fever were confirmed by virus isolation, viral RNA amplification, IgM antibody detection, IgG antibody detection and/or neutralizing antibody detection (Table 1) . CHIK fever was suspected according to the travel history and clinical symptoms of the patients, which included fever, headache, myalgia, joint pain and/or joint swelling. Twenty-eight of the 54 (52%) patients were women. The median age was 40 (range: 11-81) and was similar in both sexes. A high percentage of the patients were 20-59 years of age. This was likely to have been activity-related. The imported cases occurred throughout the year; the overall minimum incidence occurred in December, while the maximum incidence occurred in March, May and September (Table 3) . Thirty-eight of the 54 (70.4%) imported cases involved patients who had returned from Asian countries, including Indonesia (20/54, 37%), India (6/54, 11.1%) and the Philippines (3/54, 5.6%) ( Table 4 ). The origins of the infection prior to 2014 were limited to Asian countries, while the number of cases imported from the Pacific and Caribbean Islands and Latin American countries increased from 2014, when the outbreaks of CHIKV infections spread to these countries ( Figure 1 ). Nineteen serum samples and one blood sample collected from 18 patients were found to be positive by the real-time RT-PCR. CHIKV was isolated from the serum or blood samples of 13 patients. In total, 14 isolates were recovered from the 13 patients. Two isolates, SL10571 and SL11131, both of which belonged to the ECSA genotype, were isolated from a single serum sample (ID 07-04: a 59-year-old Japanese woman who stayed in Colombo, Sri Lanka in 2006). 26 The other 12 isolates were recovered from the following samples (strain, abbreviation [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ; and CHIKV/Hu/ Angola/NIID54/2016, AGO16-54 ). The Mal09-02 and AGO16-54 isolates belonged to the ECSA genotype as the SL10571 and SL11131 isolates did (Figure 2 ). Only the Mal09-02 possessed an E1-A226V substitution. The AGO16-54 was classified into a different clade from two strains that were isolated in Angola in 1962 (Angola M2022 strain) and in Brazil in 2014 (BHI3741/H804705 strain), in which an autochthonous transmission occurred due to the introduction of CHIKV through imported cases from Angola. 33, 34 The other isolates, IDN09-58, PHL12-165, IDN12-181, IDN13-108, IDN13-112, TON14-41, DMA14-73, COL15-02, IDN15-53, and CUB16-25 belonged to Asian genotype. Western Hemisphere strains had two unique amino acid sequences, alanine at amino acid position 368 of the E2 protein and methionine at amino acid position 20 of the 6 K protein. 23 These two unique sequences were found in DMA14-73, COL15-02, and CUB16-25. Western Hemisphere strains and closely related strains had a signature 12-nucleotide/4-amino acid deletion in the NSP3 protein at polyprotein position 1 712-1 715. The remaining viruses, which were isolated >2005 and which were classified into the Asian genotype had 21-nucleotide/7-amino acid deletions in this same location at polyprotein position 1 710-1 716. 23 The 12-nucleotide deletion was also found in the IDN09-58, IDN13-108, PHL12-165, TON14-41, DMA14-73, COL15-02 and CUB16-25, which were classified into the same clade as the Western Hemisphere strains. The 21-nucleotide deletion was found in the IDN12-181, IDN13-112 The sequences showing asterisks were determined in the present study. and IDN15-35, which were classified into the >2005 clade of the Asian genotype but a different clade composed of the Western Hemisphere strains. The IDN09-58, IDN12-165, IDN12-181, IDN13-112 and IDN15-35 isolates, which were isolated from the patients who returned from Indonesia, were classified into two different clusters (Figure 2 ). IDN09-58 and IDN13-108 formed a clade with the 0706aTw strain, which was isolated from a traveller who returned from Indonesia in 2007. IDN12-181, IDN13-112, and IDN15-35 formed another clade with the DH130003, NC/2011/ 568, and MY/06/37 348 strains, which were isolated in Indonesia in 2013, New Caledonia in 2011 and Malaysia in 2015.
Urine samples collected from 11 patients were subjected to a real-time RT-PCR (Table 1) ; two samples (ID 12-171 and 14-37) were positive for CHIKV. In a patient (ID12-171), viral RNA was detected in a urine sample by the real-time RT-PCR (the sample had been collected on the sixth day after the onset of symptoms) but not in the serum sample collected on the same day. Viral RNA was detected in the serum samples collected from four patients, ID 12-165, 09-02, 13-112 and 10-23, which were collected at 1, 3, 3 and 10 days after the onset of disease, respectively, but not in their urine samples, which were collected on the same day.
Forty-seven patients had IgM antibodies against CHIKV (Table 1) , which was detected in the serum samples collected from 4 days (ID 09-58) to 8 months (ID 09-35) after the onset of symptoms. PRNT or IgG antibody was performed in samples that were collected during the convalescence phase. Neutralizing antibodies were detected in the serum samples collected from 4 days (ID 16-93) to 488 days (ID 09-08) after the onset of symptoms. IgG antibodies against CHIKV were detected in the serum samples collected from 6 days (ID 14-73) to 77 days (ID 15-12) after the onset of symptoms. A phylogenetic analysis revealed that some genetically different CHIKV strains were co-circulating in Indonesia. IDN12-181, IDN13-112, and IDN15-35 were classified into a different cluster from the other two Indonesian strains (IDN09-58 and IDN13-108) and another previously reported strain isolated from patients who had visited Indonesia (0706aTw strain) (Figure 2) . 35 In a phylogenetic tree based on the nucleotide sequence coding the E3-E2-E1 proteins, IDN12-181, IDN13-112 and IDN15-35 were distinguished from the two previously reported strains (CHIK/SBY8/10 and CHIK/SBY59/10) isolated from patients, who lived in Surabaya on Java Island 36 (data not shown). Three strains (IDN 12-181, were isolated from returnees from Bali Island, while one strain (IDN 09-58) was isolated from a patient who returned from Jakarta on Java Island. The DH130003 strain, which belonged to the same lineage as IDN12-181, IDN13-112 and IDN15-35, was isolated from a traveller who returned to Germany from Bali Island in December 201 2.
results, it was hypothesized that a genetically independent strain of CHIKV would be circulating on Bali Island and Java Island at least from 2012 to 2015.
The phylogenetic analysis revealed that PHL12-165 and TON14-41, which were isolated from patients who returned from the Philippines and Tonga, respectively, were closely related to the Caribbean isolates (WHCHK1), which was isolated in Puerto Rico in 2014, with 99% (976/981 or 977/981) identity at the amino acid sequences of the E3-E2-E1 proteins. The 12-nucleotide deletion in the NSP3 protein, which was common among the Western Hemisphere strains, was found in PHL12-165 and TON14-41. These results support the previously reported hypothesis that the strain responsible for the The surveillance and analysis of imported CHIK fever cases provides information about the situations of CHIK fever outbreak, which might be useful for predictiing the origins of imported cases. For example, a case involving a returnee from Cuba, 38 suggests that an autochthonous transmission of CHIKV occurred in Cuba where CHIK fever outbreak had not previously been reported. Although Cuba is surrounded by countries and territories, in which locally acquired CHIKV infections were reported from December 2013, the local transmission of CHIKV had not been confirmed. 38 The CUB16-25 strain isolated from the returnee from Cuba in late February 2016 was closely related to the WHCHK19 strain, which was isolated in Honduras in 2014 with 99% (979/981) identity at the amino acid sequences of the E3-E2-E1 proteins. The CUB16-25 strain had Western Hemisphere strain-specific two amino acid sequences in the E2 and 6 K proteins and a unique 12-nucleotide deletion in the NSP3 protein, which is common among Western hemisphere strains. 23 These data suggest that CHIKV spread to Cuba through other areas in the Caribbean or invade to Cuba at the same time with the other areas in the Caribbean.
The seroprevalence of antibodies to CHIKV, the isolation of CHIKVs from humans and wild mosquitoes caught during a CHIK fever outbreak in Angola in the 1970s, and imported cases of CHIK fever in travellers who returned from Angola in 2012 and 2014 had previously been reported. 33, 34, 39, 40 These reports show that endemic CHIKV activity had been present in Angola at least from the 1970s. In this study, a case of CHIK fever in a patient who returned to Japan from Angola was identified in 2016. The isolate (AGO16-54) was classified into an independent clade from the Angolan strains that were isolated in a patient who returned to Brazil from Angola in 2012 ( Figure 2 ). In the phylogenetic analysis based on the nucleotide sequence of the partial non-structural polyprotein, AGO16-54 was independent from the CHIK 2014 Angola strain (AB908054), which was isolated in a patient who returned to Portugal from Angola in 2014 (with which it had 97.6% [282/ 289] identity; data not shown). 40 These results suggest that some genetically independent CHIKV strains were cocirculating in Angola-at least between 2012 and 2016. 33, 34, 40 CHIKV infection is likely to be under-recognized and underreported in Africa-and indeed in other locations-because of the low awareness of the disease and the lack of diagnostic and surveillance systems. Our data showing the local transmission of CHIKV in Angola in 2016 are thought to be helpful for the differential diagnosis and for providing information about the situation of the epidemic-despite the small amount of information from Angola. One of the isolates (Mal09-02) had E1-A226V, which confers superior infectivity to A. albopictus in comparison to A. aegypti. 4, 22 One of the seasonal peaks in the number of imported CHIK fever cases was observed in the hot season, when A. albopictus are active in Japan (Table 3 ). Due to the wide distribution of A. albopictus in Japan, a future CHIK fever epidemic with a strain possessing the E1-A226V substitution remains a greater possibility than a CHIK fever epidemic with a strain that does not possess the E1-A226V substitution. A large outbreak of CHIK fever was actually caused by CHIKV with E1-A226V in Italy, where A. albopictus was present, but A. aegypti was not. 15 The occurrence of CHIK fever outbreak in
Italy is believed to begin with a man from India. The outbreak in Italy indicates that Japan is also at risk of a CHIK fever outbreak began with an imported case. The increase in the number of CHIK fever imported cases in Japan makes the risk of having autochthonous CHIK fever outbreak in non-CHIK fever endemic regions in Japan higher. The monitoring of imported cases is therefore important to identify a possible future CHIK outbreak in Japan and to understand the situation of the global epidemic. This report on the imported cases of CHIK fever is useful to increase awareness of patients and clinicians about the disease and facilitate the diagnostic capability of CHIK fever.
